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Description 

This invention relates to a touch sensor array sys- 
tem including an array of sensing elements arranged ac- 
cording to rows and columns and provided with address- s 
ing means on the basis of row and column conductors 
for selectively addressing a particular one of said sens- 
ing meansat an intersection of a selected row conductor 
and a selected column conductor in accordance with the 
preamble of claim 1 . Such a system is known from US- 
A-4 839 634. In general, these kinds of systems may be 
used as an overlay for the display screen of an liquid 
crystal or other display device to provide for example 
selected inputs to the device in accordance with touched 
positions in the sensor array. In another example, the 
system may be used as a stand-alone graphics tablet 
connected to a computer system. 

Various other kinds of touch sensor array systems 
are known. 

In a particular kind of touch sensor array system, 
capacitive effects are utilised. In an example, pairs of 
spaced conductive strips or pads are provided which 
can either be physically displaced with respect to one 
another in response to finger pressure so as to alter the 
capacitance therebetween or capacitively coupled to- 
gether in response to proximity of a user's finger. 

Such systems typically have only limited resolution 
capabilities. 

Inter alia, it is an object of the present invention to 
provide an improved touch sensor array system, which 
offers the capability of high resolution. 

According to one aspect of the present invention, 
each sensing element comprises a bistable circuit at the 
sensing element's location in the array, which bistable 
circuit is responsive to a presence or absence of a touch 
input at the location of the sensing element so as to 
adopt a first or a second stable state respectively that 
remains continuously addressable, and which upon ad- 
dressing by addressing means provides an output in ac- 
cordance with its actual state, said system having reset 
means for periodically resetting the bistable circuits of 
the sensing elements. 

Touching of the sensing elements for example may 
be by means of a user's finger or by means of a stylus. 
Upon touching by such position designating objects the 
bistable circuit is caused to adopt a certain stable state 
which is different to the stable state adopted by the cir- 
cuit in the absence of a touch input so that a clear, un- 
ambiguous indication of touching is obtained. Following 
the adoption of one or other state, the bistable circuit 
remains in that state until it is next called upon to sense 
touching and therefore acts in the manner of a memory 
element whose state is determined by touching, and 
which, by interrogation, can provide an indication of 
touching after the event, enabling the touched locations 
in the array to be ascertained. The addressing means, 
by periodically resetting the bistable circuits, and pref- 
erably at regular intervals, enables a series of succes- 



sive touches, or absence of touches, to be detected. 

Preferably, the sensing elements each include a re- 
spective switching device in a matrix of switching devic- 
es and are actively addressable though operation of the 
switching devices by the addressing means to connect 
the bistable circuits to a state detection circuit of the ad- 
dressing means. Such active addressing of the sensing 
elements enables large numbers of sensing elements 
to be used in the array thereby providing a high element 
density or high resolution and without the kind of prob- 
lems which could be expected when using a simple mul- 
tiplexing technique for monitoring the sensing element 
states. The active addressing of the sensing elements, 
and hence the monitoring of their states, desirably is car- 
ried out at intervals related to the periodic resetting of 
the bistable circuits by the addressing means. 

In a preferred embodiment the active matrix switch- 
ing devices comprise transistors. Although other forms 
of switching devices such as two-terminal non-linear de- 
vices, e.g. diodes or MIMs, could be used it is felt that 
transistors provide the simpler approach for actively ad- 
dressing the sensing elements. 

Preferably, the bistable circuit of each sensing ele- 
ment is responsive to a capacitive effect produced by 
position designating means, e.g. a finger or stylus, in 
proximity to the sensing element. Each sensing element 
may include a sensing electrode which, in conjunction 
with the touch designating means adjacent thereto, pro- 
vides a certain, characteristic, capacitance. The bistable 
circuit responds to the existence of this capacitance to 
adopt its first state. This can be achieved conveniently 
in practice using a bistable circuit comprising two cross- 
coupled inverters with the sensing electrode being con- 
nected to a respective one of the bistable nodes and a 
reference capacitance being connected to the other 
bistable node. If the two capacitances are not the same 
then an imbalance in voltages present at the nodes will 
exist and following resetting of the bistable circuit to a 
metastable state the bistable circuit adopts a state de- 
pending on which of the capacitances is greater. A layer 
of insulating material may conveniently be provided over 
the sensing electrodes of the sensing elements. The 
electrode and the position designating means either on, 
or in close proximity to, the exposed surface of the in- 
sulating layer constitute respective capacitor plates with 
the insulating layer serving as the capacitor dielectric. 
The physical dimensions of the electrode and overlying 
insulating layer are selected such that the value of the 
capacitance obtained upon the position designating 
means being presented in relation to the value of the 
reference capacitance causes the bistable circuit to 
switch appropriately. With this sensing electrode ar- 
rangement no direct external connection to the sensing 
electrode is required. The insulating layer can conven- 
iently be of hard wearing material so that even with ex- 
tensive use of a stylus damage does not occur to the 
sensing elements. The insulating layers of the sensing 
elements can comprise respective portions of a com- 
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mon layer extending continuously over the array of 
sensing elements. Consequently a continuous and pro- 
tective sensing surface is provided. 

Each bistable circuit comprising cross-coupled in- 
verters may further include a switching transistor con- 
nected across the inputs of the two inverters and which 
is operable by the addressing means to set the bistable 
circuit in its metastable state. 

Other types of bistable circuits could be used if de- 
sired. Also, it is considered that the sensing elements 
can be responsive to a touch input other than by using 
a capacitive approach. However, the latter is advanta- 
geous in that it avoids the need for direct electrical con- 
nections and allows the use of an insulating covering 
layer to provide a rugged sensing surface. 

The bistable circuits of the sensing elements pref- 
erably comprise thin film transistors (TFTs). Similarly the 
active matrix transistors may also comprise TFTs. The 
processing of TFTs, particularly amorphous or polycrys- 
talline silicon TFTs, on large area glass substrates is al- 
ready well developed for active matrix liquid crystals dis- 
play devices. Both the array of sensing elements and 
the active matrix switches can be fabricated using this 
technology. The sensor array shares many similarities 
with active matrix display devices, and fabrication of the 
sensor array by thin film deposition and patterning tech- 
niques used in active matrix switching technology is 
therefore particularly convenient. The additional compo- 
nents, such as addressing and monitoring conductors, 
capacitor elements, and insulated electrodes, are anal- 
ogous to components often present in active matrix dis- 
play devices, where picture elements comprise element 
electrodes, possibly with associated storage capacitors, 
connected via switching TFTs to row and column ad- 
dress conductors. 

Using this technology, the sensor array can be fab- 
ricated with individual sensing elements of comparable 
size to picture elements in display devices. This has im- 
portant implications in that high resolution is readily 
achievable. 

According to another aspect of the present inven- 
tion, there is provided a display system comprising a dis- 
play device and a touch sensor array system according 
to the one aspect of the invention in which the sensing 
elements of the array are positioned over the display 
output of the display device. The display could, for ex- 
ample, be a liquid crystal display device comprising a 
matrix array of individually controllable pixels. The sen- 
sor system according to the invention offers an impor- 
tant advantage over known system when used with dis- 
play devices, particularly of the aforementioned kind, in 
that a 1 : 1 pixel to sensing element relationship is obtain- 
able especially, for example, when TFT active matrix 
technology is employed in the fabrication of the sensor 
array. 

Various embodiments of touch sensor array sys- 
tems in accordance with the present invention will now 
be described, by way of example, with reference to the 



accompanying drawings, in which:- 

Figure 1 Is a simplified schematic diagram of one 
embodiment of touch sensor array system in ac- 
5 cordance with the invention showing an array of in- 
dividual sensing elements together with associated 
circuits; 

Figure 2 shows schematically the equivalent circuit 
of a typical sensing element of the array; 
10 Figure 3 illustrates a particular implementation of 
the sensing element; 

Figure 4 illustrates typical waveforms in operation 
of the sensing elements; 

Figure 5 illustrates the circuit of a part of the sensor 
15 array comprising one complete sensing element 
and associated active matrix switching device; 
Figure 6 illustrates typical waveforms present in the 
operation of the circuit part shown in Figure 5; 
Figure 7 shows schematically part of a detection cir- 
20 cuit of the system; and 

Figures 8 and 9 illustrate respectively the circuit of 
a part of an alternative embodiment of sensor array 
device showing a typical sensing element together 
with its associated active matrix switching device, 
25 and typical waveforms appearing in operation of 
this embodiment. 

The Figures are merely schematic and are not 
drawn to scale. In particular certain dimensions may 
30 have been exaggerated whilst others may have been 
reduced. The same reference numerals are used 
throughout to denote the same or similar parts. 

Referring to Figure 1, the touch sensor system in- 
cludes an array of sensing elements carried on a com- 
35 mon substrate to form a sensing panel 1 0. 

Each sensing element, referenced at 12, comprises 
a bistable circuit 14 connected to an insulated sensing 
electrode 15 which constitutes one side of a capacitor, 
the other side being the touching object, either a ground- 
40 ed stylus or, or example, a finger of a user. The state of 
the bistable circuits is dependent on touching. If the 
sensing electrode of a particular sensing element is 
touched the associated bistable circuit adopts a certain 
indicative state. The sensing elements are combined in 
45 an active matrix comprising switching devices 1 6, each 
sensing element including a respective switching de- 
vice, with row and column addressing conductors to al- 
low the state of each row of sensing elements to be read 
and the positions that have been touched to be deter- 
50 mined. 

The sensing elements 12 are in an X-Y array con- 
sisting of r rows (1 to r) with c elements (1 to c) in each 
row. Only a few sensing elements are illustrated in Fig- 
ure 1 for simplicity. In practice there may be a several 
55 hundred columns and rows, the numbers chosen de- 
pending on the intended use. If used, for example, as a 
user interface for a computer graphics system, the 
number of sensing elements and the ratio of rows to col- 
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umns would be dependent on the pixel count and aspect 
ratio of the system's display. If used as a display overlay, 
a 1:1 correspondence between pixels and sensing ele- 
ments could be provided. 

The circuit configuration of part of a typical sensing 
element 12 is shown in Figure 2. The element consists 
of a bistable circuit 1 4 comprising two cross-coupled in- 
verters 1 7 and 1 8 and a switch ing transistor 1 9 connect- 
ed between the two inverter inputs and whose control 
(gate) electrode is connected to a line 20 along which 
regular clocking, selection, signals are provided. One of 
the bistable nodes, referenced B, is connected to a 
sensing electrode 15, in the form of a rectangular pad 
of conductive material which is covered by an insulating 
layer, constituting the sensing element's input. The oth- 
er node of the bistable circuit, referenced A, is connect- 
ed to a reference capacitor 21 and also acts as the sens- 
ing element output, the output being provided along line 
22. 

An example implementation of this circuit configu- 
ration using NMOS transistors is illustrated in Figure 3. 
Two transistors 25, 26 connected in series are arranged 
in parallel with two other series-connected transistors 
27 and 28 between positive and negative rails 23 and 
24 with the gates of transistors 25 and 28 also being 
connected to the rail 23. The sensing electrode 15 is 
connected to the gate of transistor 27 as well as node 
B whereas node A is connected to one side of the ref- 
erence capacitor 21 which is also connected to the gate 
of transistor 26, the other side of the capacitor 21 being 
connected to the rail 24. The power supply rails 23 and 
24 are shared by the bistable circuits of all other sensing 
elements in the same row, other rows of sensing ele- 
ments being similarly associated with respective pairs 
of supply rails as shown in Figure 1 . 

The bistable circuit 12 has two stable states, a first 
where A is high and B is low and a second where A is 
low and B is high, and a third state which is a metastable 
state where A and B are equal. When in this latter con- 
dition the bistable circuit is very sensitive to any imbal- 
ance introduced in the voltages at A and B and will read- 
ily revert to either the first or the second state depending 
on the sense of the imbalance. 

In operation of the sensing element, the bistable cir- 
cuit 12 is first set to its metastable state by taking the 
clock signal, Ck, on line 20 high to turn on the transistor 
1 9. When turned on the transistor 1 9 connects nodes A 
and B and the voltages at these two nodes equalise at 
a voltage lying between the high and low logic levels. 
When the clocking signal Ck thereafter returns to a low 
level the negative going edge of the signal is coupled 
through onto nodes A and B by the parasitic gate/source 
and gate/drain capacitances Cs of transistor 1 9. These 
capacitances Cs, which are substantially equal, are 
shown in dotted outline in Figure 2. The capacitances 
Cs could instead be provided by two discrete capacitors. 
The magnitude of the voltage shift at nodes A and B 
caused by the presence of the respective capacitances 



Cs will depend on the value of the additional capaci- 
tance present at the associated node which for node A 
is the capacitance, Cr, of the reference capacitor 21 and 
for node B is the capacitance, Ce, of the input sensing 

s electrode 1 5. If these capacitances are not the same 
then an imbalance in the circuit voltages is produced 
and since the nodes A and B are no longer interconnect- 
ed by the transistor 19 the bistable circuit will flip into 
one or other of its two stable states depending on the 

10 relative values of the two capacitances. For example if 
the sensing electrode capacitance Ce is less than the 
reference capacitance Crthen the coupling of the signal 
Ck will cause the voltage at node A to be higher than 
that at node B and consequently the bistable circuit will 

15 flip into the state with A high and B low. Conversely, if 
the sensing electrode capacitance Ce is greater than the 
reference capacitance Cr the resulting voltage at node 
B will be greater than that at node A and the bistable 
circuit will switch to the opposite state in which node A 

20 is low and node B is high. The capacitance Ce of sensing 
electrode 15 can be of two distinct values according to 
whether or not a touch input is made to the sensing el- 
ement, i.e. a higher capacitance is exhibited when a 
grounded finger or stylus is placed on, or closely adja- 

25 cent, the surface of the dielectric layer covering the elec- 
trode 15. By selecting the value of Cr appropriately in 
relation to the capacitance at electrode 15 obtained by 
a touch input, which itself is dependent on the physical 
dimensions of the electrode 1 5 and the thickness of the 

30 insulating layer, the bistable circuit detects and re- 
sponds to the increase in capacitance of the electrode 
15 caused by touching the electrode with a finger or 
grounded stylus. Representative waveforms in opera- 
tion of the sensing element are shown in Figure 4, in 

35 which Ck is the clocking pulse signal waveform applied 
to the transistor 1 9, and V A and V B are, respectively, the 
voltages appearing at nodes A and B. Figure 4a illus- 
trates the case where Ce is less than Cr, i.e., for no touch 
input, and Figure 4b illustrates the case where Ce is 

40 greater than Cr, i.e., for a touch input. 

The array of sensing elements 12 of the sensing 
panel 10 are combined with the active matrix switching 
devices 16 together with driving and addressing con- 
ductors in the manner depicted, by way of illustration, in 

45 Figure 5, which shows the circuit configuration of one 
complete, and representative, sensing element in the 
Nth row of Mth column of the array. The X-Y array of 
sensing elements 12 is driven and addressed via sets 
of row and column conductors with the sensing ele- 

50 ments being located adjacent respective intersections 
of the column and row conductors. The clocking signals 
Ck for the transistor 1 9 (and the transistors 1 9 of other 
elements in the same row) are applied along a row con- 
ductor, 20, shared by all sensing elements 1 2 of the row. 

55 Similarly, the positive and negative (ground) supply lines 
23 and 24 extend as row conductors and are shared by 
all other sensing elements in the same row. Referring 
also again to Figure 1, the row conductors 23 and 24 
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are connected at their ends adjacent the periphery of 
the panel respectively to supply rails 31 and 32 to which 
the outputs of a power supply circuit 33 are coupled. 
Each column of sensing elements is associated with a 
respective one of a set of column, detection, conductors 
34 to which the active matrix switching devices 1 6, com- 
prising FET transistors, are connected. Referring to Fig- 
ure 5 particularly, the switching device 16 associated 
with each sensing element consists of two switching 
transistors 36 and 37 connected in series between the 
associated column conductor 34 and the supply con- 
ductor 24 with their gates connected respectively to the 
clock signal row conductor 20 associated immediately 
with the succeeding, (N+1)th, row of sensing elements 
and the node A of the bistable circuit of the sensing el- 
ement. 

The ends of the row conductors 20 and column con- 
ductors 34 are connected respectively to a row address 
circuit 40 which produces the clocking signals, and a col- 
umn detection circuit 41 (Figure 1 ) whose operations are 
controlled and synchronised by a timing and control cir- 
cuit 43. The row addressing driver circuit 40 scans the 
conductors 20 sequentially with a clock pulse so that 
each complete row of sensing elements is reset and op- 
erated in turn, the clock pulses serving also to enable 
the states of the preceding row of sensing elements to 
be read out, and detected, via the column conductors 
34, by the circuit 41 which provides an output at 58 in- 
dicative of the states of each row of sensing elements 
in turn. The first and last rows of the array differ slightly 
in that one of the two row conductors 20 associate with 
each of these rows is dedicated solely to that row (as 
shown in Figure 1) so that there are r+1 conductors 20 
in all. Scanning of the set of row conductors 20 by the 
circuit 40 is repeated in regular fashion in successive 
field periods. 

In the version of the system shown in Figure 1, a 
grounded stylus 50 is manipulated by a user to touch an 
appropriate sensing element, although it will be appre- 
ciated that the stylus can be replaced by a user's finger. 

Figure 6 illustrates typical waveforms present in op- 
eration of the system of Figures 1 and 5 for a particular 
sensing element. Ck(N) and Ck(N+1) are the clocking 
pulse signals applied by the circuit 40 to the Nth and 
(N+1 )th row conductors 20. Upon receipt of the clocking 
pulse Ck(N) the bistable circuit of the sensing element 
(and all other elements in the Nth row) is reset and then 
immediately thereafter switches to one or the other of 
its two possible stable states according to whether or 
not the sensing element is being touched. V A and V B 
represent, as before, voltage levels appearing at nodes 
A and B of the sensing element and in this particular 
example are indicative that the sensing element con- 
cerned is not being touched. The dotted lines signify the 
other possible state would be adopted in the event of a 
touch input. 

When a clocking pulse, Ck, is applied to the next, 
(N+1)th, row conductor 20 to reset the bistable circuits 



of the (N+1 )th row of sensing elements, the active matrix 
switching device 16 of the sensing element (and all oth- 
ers in the Nth row) is operated to enable the state of the 
sensing element to be determined. The bistable output 

5 of the sensing element is connected to the gate of tran- 
sistor 37 which, because the output (node A) is low in 
this example, is turned off. The Ck (N+1) clocking pulse 
turns on transistor 36 but connection between the col- 
umn conductor 34 and supply (ground) conductor 24 is 

io prevented because transistor 37 is off. On the other 
hand, if the bistable circuit was in its other stable state, 
with node A high indicating touching, transistor 37 is 
turned on and the series-connected transistors 36 and 
37 then provide an interconnection between column 

is conductor 34 and ground conductor 24. 

The state of the bistable circuit of the sensing ele- 
ment is ascertained by detecting in the detection circuit 
41 connected to the column conductor whether or not 
such an interconnection exists. This can be achieved in 

20 different ways. For example, the column conductor 34 
can be pre-charged to a high voltage level before the 
(N+1 )th row conductor 20 is addressed and then, upon 
switching of the matrix transistor 36 by the Ck (N+1)th 
clocking signal, detecting whether or not this voltage is 

25 discharged through operation of the transistor 37, de- 
pending on the state of the bistable circuit. The voltage 
waveform for the Mth column conductor for this mode 
of operation is shown at Vm in Figure 6, where t repre- 
sents the precharging period and t1 the precharging pe- 

30 riod for the next row. Alternatively a current amplifier 
may be connected to the column conductor 34 to meas- 
ure the current flow through the matrix transistors 36 and 
37. The former technique allows logic level signals to be 
obtained directly from the column conductors of the ma- 

35 trix resulting in comparatively simple column drive cir- 
cuitry. In this mode of operation the scanning rate of the 
rows of sensing elements may be limited as the active 
matrix transistors will require some time to discharge the 
capacitance of the column conductors. The latter tech- 
no nique requires a current or charge sensitive amplifier to 
be connected, in the detection circuit 41 , to each column 
conductor 34 in order to convert the small signal from 
the active matrix transistors to the required logic levels. 
By detecting the magnitude of the charging current 

45 with a respective sense amplifier connected to each col- 
umn conductor, the system can determine which ele- 
ments have been touched and their coordinates. Figure 
7 illustrates part of one detection circuit suitable for such 
detection, the part shown comprising for simplification 

50 the circuit arrangement for just three consecutive col- 
umns of sensing elements. Each column conductor 34 
of the panel 10 is connected to an input of an inverting 
amplifier 52 having a parallel feedback impedance 53. 
The detectors are rendered either charge or cu rrent sen- 

55 sitive by providing either a capacitive or a resistive feed- 
back impedance 53. The outputs of the amplifiers 52 are 
fed to a signal processing circuit 54 comprising a parallel 
threshold circuit 55 responsive to the effect of large cur- 
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rent spikes in the column conductor waveform indicative 
of a sensing element associated with that column having 
been touched to provide appropriate digital signal out- 
puts and a parallel latching circuit 56 connected to the 
outputs of the threshold circuit which latches the digital 5 
signals into a series of flip flops forming a shift register 
57 to give a serial output 58. 

By associating the output of the processing circuit 
54 with operation of the row conductor driver circuit 40 
unique signals identifying the coordinates of sensing el- 
ements which have been touched can be generated in 
ways known per se in touch sensor systems. 

Each row of sensing elements is addressed by the 
addressing circuit 40 in turn, so that, after one complete 
field, an indication, or picture, of all sensing elements 
which have been touched and their position is obtained. 
Addressing of the array of sensing elements in this fash- 
ion is carried out in a recurrent cycle with the condition 
of each sensing element being repeatedly monitored in 
subsequent field periods. The duration of each field pe- 
riod may be varied as desired taking into account the 
number of rows of sensing elements in the array, the 
duration of the clocking pulses applied by the drive cir- 
cuit 40, and the manner of operation of the detection 
circuit 41 . Obviously the field period is chosen to be suf- 
ficiently small to ensure that relatively brief touch inputs 
are sensed. By way of example each field period may 
be approximately 20msec, thus giving a very rapid re- 
sponse to user inputs and detection of rapidly changing 
touch inputs. 

In the above described embodiment, a conducting 
stylus coupled to ground potential is used as a tool for 
entering input information. This enables small area 
sensing elements to be used and, in turn, allows a high 
resolution array to be achieved which is beneficial for 
use as an interface for a graphics display system for ex- 
ample. 

The circuit configuration of another embodiment of 
touch sensor panel is illustrated in part in Figure 8, sim- 
ilar in respects to Figure 5, and showing the circuit of a 
typical sensing element together with its associated 
driving and address conductors and active matrix 
switching transistors. In this embodiment, the need for 
a separate ground supply conductor to each row is 
avoided, use being made instead of the fact that the row 
conductors 20 are at ground potential except when a 
clocking pulse is actually being applied therealong. Typ- 
ical waveforms present in operation of this embodiment 
are shown in Figure 9 for comparison with those of Fig- 
ure 6. 

In this circuit arrangement, a positive supply line 23 
is again provided for each row of sensing elements. 
However the ground supply lines 24 previously de- 
scribed are not used and instead each row of sensing 
elements is associated with three clocking signal row 
conductors 20, rather than two as previously. Compar- 
ing Figure 8 with Figure 5, it will be seen that a main 
electrode of the transistor 37 of the active matrix tran- 



sistors, the side of the reference capacitor 21 remote 
from the node A and the interconnection between the 
transistors 26 and 27 of the bistable circuit are all con- 
nected via a line 60 to the (N-1)th row conductor 20. 
Operation of the sensing element, and likewise all other 
sensing elements in the same row, is generally similar 
to that of the previous embodiment. A clocking signal 
pulse applied to the Nth row conductor 20 resets the 
bistable circuit and, upon termination of this pulse, the 
bistable circuit adopts one of other of its two possible 
stable states according to whether or not a touching in- 
put is made to the sensing electrode 1 5. The necessary 
grounding of circuit components is achieved through the 
line 60. Figure 9 illustrates the clocking pulse sequence 
for the three consecutive, (N-1), N, and (N+1 ) row con- 
ductors 20 from which it will be seen that for the duration 
of the clocking pulses applied to the Nth and (N+1)th 
row conductors 20 the (N-1)th row conductor is held at 
ground potential. The state of the bistable circuit is read 
out, as previously, upon turning on of the active matrix 
transistor 36 by a clocking pulse applied to the (N+1 )th 
row conductor 20. The elimination of the need to use 
ground supply conductors means that fewer sets of row 
conductors are required. However, it becomes neces- 
sary to provide an additional row conductor for the first 
row of sensing elements if these elements are to be fully 
operational. 

With regard to both embodiments, fabrication of the 
array of sensing elements, the active matrix, and the ad- 
dress and driving conductors is based on technology 
used in active matrix addressed display devices, such 
as liquid crystal display devices. In active matrix display 
panels the picture elements each consist of a display 
element having first electrode carried on one substrate 
together with sets of row and column address conduc- 
tors and with one or more associated matrix switching 
transistors. (A second display element electrode is car- 
ried on a second, spaced, substrate with electro-optical, 
for example liquid crystal material, therebetween.) It will 
be appreciated, therefore, that there are many similari- 
ties between the structure on the one substrate of these 
display panels and the above described touch sensing 
panels. Active matrix display device technology is now 
widely documented and well established as a means for 
producing large area active matrix arrays and as such 
it is considered unnecessary to describe here in detail 
methods by which the panel of the sensing array system 
of the invention can be fabricated. Typically, this in- 
volves the deposition and patterning of a number of su- 
perimposed layers on a substrate. The active address- 
ing of the sensing elements also is accomplished in 
much the same fashion. 

Although the sensing panel 1 0 is constructed in sim- 
ilar manner the processing is slightly more complex than 
standard display panels because of the necessity to in- 
corporate additional sets of conductors and seven tran- 
sistors for each sensing element. 

As in active matrix display devices, a glass sub- 
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strate is used with the transistors comprising thin film 
transistors (TFTs) using amorphous silicon or polycrys- 
talline silicon technology. The address and driving con- 
ductors are formed by patterning metal layers, with ap- 
propriate insulation at cross-overs. The reference ca- 
pacitors 21, and discrete supplementary capacitances 
Cs if required, are formed by defining metal pads from 
the deposited metal layers with insulative material ther- 
ebetween. Similarly, the sensing electrode 15 is defined 
from a deposited opaque or transparent conductive lay- 
er, depending on how the system is to be used. The in- 
sulating layer covering the electrodes 15 is provided as 
a single layer extending over the whole area of the sens- 
ing element array to form a continuous sensing surface. 
The insulating layer serves also to provide a degree of 
electrical and mechanical protection for the sensing el- 
ement array. 

The physical dimensions of the sensing elements 
and particularly the sensing electrodes 15, may be var- 
ied to suit the particular requirements of the touch sen- 
sor array in use, for in accordance with the desired res- 
olution characteristics. The sensing element dimen- 
sions may be of the same order as used for pixel ele- 
ments in a display device, say around 100 micrometres 
square, or larger. 

The above described embodiments of touch sensor 
systems may be used as a stand alone input interface. 
Alternatively they may be used as an overlay to a display 
device, for example a matrix liquid crystal display device 
or CRT To this end, the sensing electrodes at least of 
the sensor elements should be transparent. The high 
resolution possible means that very precise position 
sensing can be achieved. When used as a display over- 
lay, therefore, there can be a 1:1 relationship between 
the individual sensing elements and display pixels of the 
display device, for example an active matrix addressed 
liquid crystal display device. For a colour display one 
sensing element can be provided for each triplet of dis- 
play elements. A typical liquid crystal display device 
comprises two spaced substrates carrying electrodes 
defining an array of pixels together with addressing con- 
ductors and with liquid crystal material therebetween. 
The sensing element array is mounted over the display 
device with each sensing element in registration with an 
individual display pixel. 

It will be appreciated that various modifications to 
the described embodiments are possible. For example, 
the need for a dedicated reference capacitor 21 can be 
avoided by using instead parasitic capacitance of the 
TFT 37 as a reference capacitance. This parasitic ca- 
pacitance can be increased by deliberately extending 
its gate contact over its source contact. Moreover, as 
will be understood by persons skilled in the art, alterna- 
tive kinds of bistable circuit configurations, for example 
long tailed pair circuits, could be employed. 

Although the described embodiments employ 
three-terminal transistor devices for the active address- 
ing, it is envisaged that the sensing elements could be 



actively addressed by means of two-terminal non-linear 
switching devices, such as diodes or MIMs for example, 
following technology already known and used in active 
matrix addressing of display devices. 
s Also, it is envisaged that the sensing elements 
could be made to be responsive to touch inputs other 
than by the capacitive approach utilised in the specific 
embodiments described, for example by using a tech- 
nique which relies on direct electrical contact between 
10 the position desiginating means and a component of the 
sensing element so that the state adopted by the bista- 
ble circuit of a sensing element is determined by the 
presence or absence of such electrical contact. 

From reading the present disclosure, other modifi- 
es cations will be apparent to persons skilled in the art. 
Such modifications may involve other features which 
are already known in the field of touch sensor array sys- 
tems and which may be used instead of or in addition to 
features already described herein. 

20 

Claims 



1. A touch sensor array system including an array of 
25 sensing elements (1 2) arranged according to rows 

and columns and provided with addressing means 
(40, 41 ) on the basis of row (20) and colum (34) con- 
ductors for selectively addressing a particular one 
of said sensing elements at an intersection of a se- 

30 lected row conductor and a selected column con- 
ductor, characterised in that each sensing element 
(12) comprises a bistable circuit (14) at the sensing 
element's location in the array, which bistable circuit 
(14) is responsive to a presence or absence of a 

35 touch input at the location of the sensing element 
(12) so as to adopt a first or a second stable state 
respectively that remains continuously addressa- 
ble, and which upon addressing by addressing 
means (40, 41) provides an output in accordance 

40 with its actual state, said system having reset 
means (19, 20, 40) for periodically resetting the bist- 
able circuits (14) of the sensing elements (12). 

2. A touch sensor array system according to Claim 1 , 
45 characterised in that the sensing elements (12) 

each include a respective switching device (16) in 
an active matrix of switching devices and are ac- 
tively addressable through operation of the switch- 
ing devices (1 6) by the addressing means (40, 41 ) 
so to enable a detection circuit (41 ) of the addressing 
means (40, 41) to detect the state of the bistable 
circuits (14). 

3. A touch sensor array system according to Claim 2, 
55 characterised in that the addressing means (40, 41 ) 

actively addresses the sensing element (12) at in- 
tervals related to the periodic resetting of the bista- 
ble circuits (14). 
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insulating material is provided over the sensing 
electrode (15) of each sensing element (12). 

1 3. A touch sensor array system according to Claim 1 2, 
5 characterised in that the layers of insulating mate- 
rial comprise respective portions of a common and 
continuous layer of material extending over the ar- 
ray of sensing elements (12). 

10 14. A touch sensor array system according to any one 
of Claims 1 0 to 1 3, characterised in that the bistable 
circuits comprise thin film transistors. 

15. A touch sensor array system according to any of 
is Claims 1 to 1 4 and comprising a display device hav- 
ing its display output area positioned in conjunction 
with the array so that the sensing elements are po- 
sitioned over the display output. 

20 

Patentanspruche 



4. A touch sensor array system according to Claim 2 
or Claim 3, characterised in that the switching de- 
vices (16) comprise thin film transistors. 

5. A touch sensor array system according to any one 
of Claims 2 to 4, characterised in that the sensing 
elements (12) are reset by the addressing means 
(40, 41 ) a row at a time in sequence. 

6. A touch sensor array system according to Claim 5, 
characterised in that switching devices (16) of the 
sensing elements (12) are operated by the address- 
ing means (40, 41 ) a row at a time in sequence. 

7. A touch sensor array system according to Claim 6, 
characterised in that the sensing elements (12) are 
reset and the switching devices (16) are operated 
by selection signals (20) supplied via row address 
conductors (20) and in that the detection circuit (41 ) 
is connected to the switching devices via column 
detection conductors (34). 

8. A touch sensor array system according to any one 
of Claims 1 to 7, chacterised in that the bistable cir- 
cuit (14) of each sensing element (12) is responsive 
to a capacitive effect produced by a position desig- 
nating means in proximity to the sensing element 
(12). 

9. A touch sensor array system according to Claim 8, 
characterised in that each sensing element in- 
cludes a sensing electrode (15) which, in conjunc- 
tion with the position designating means, provides 
a certain capacitance. 

10. A touch sensor array system according to Claim 9, 
characterised in that the bistable circuit (1 4) of each 
sensing element (12) comprises two cross-coupled 
inverters (17, 18), in that the sensing electrode (15) 
is connected to a respective one (B) of the bistable 
nodes (A, B), and in that a reference capacitance 
(21 ) is connected to the other bistable node (A), the 
bistable circuit (14) being periodically reset by the 
addressing means (40, 41 ) to a metastable state fol- 
lowing which resetting the bistable circuit adopts its 
first or second state depending on the relative val- 
ues of the sensing electrode (1 5) and the reference 
capacitance (21). 

1 1 . A touch sensor array system according to Claim 1 0, 
characterised in that the bistable circuit (14) further 
includes a switching transistor (19) connected 
across the inputs of the two inverters (17,18) which 
is operable by the addressing circuit (40, 41) to set 
the bistable circuit (14) to its metastable state. 

12. A touch sensor array system according to any one 
of Claims 9 to 11, characterised in that a layer of 



1. System einer BeruhrungsmeBfuhlergruppe, das ei- 
ne Matrix aus MeBfuhlern (12), die in Reihen und 

25 Spalten angeordnet sind, und Adressiermittel (40, 
41) auf der Basis von Reihen- (20) und Spaltenlei- 
tungen (34) enthalt, urn ein bestimmtes der genann- 
ten MeBf uhlermittel am Kreuzungspunkt einer aus- 
gewahlten Reihenleitung und einer ausgewahlten 

30 Spaltenleitung zu adressieren, dadurch gekenn- 
zeichnet , daB jeder MeBfuhler (12) eine bistabile 
Schaltung (14) an der Position innerhalb der Matrix 
umfaBt, in der sich der MeBfuhler befindet, wobei 
die bistabile Schaltung (14) darauf reagiert, ob die 

35 genannte Position des MeBfOhlers (12) beruhrt wird 
oder nicht, indem sie in einen ersten bzw. einen 
zweiten stabilen Zustand geht, der standig adres- 
siert werden kann, und die bei der Adressierung 
durch Adressiermittel (40, 41) ein Ausgangssignal 

40 in Ubereinstimmung mit ihrem tatsachlichen Zu- 
stand liefert, wobei das genannte System ROck- 
stellmittel (19, 20, 40) enthalt, urn die bistabilen 
Schaltungen (14) der MeBfuhler (12) in regelmaBi- 
gen Abstanden ruckzustellen. 

45 

2. System einer BeruhrungsmeBfuhlergruppe nach 
Anspruch 1, dadurch gekennzeichnet , daB jeder 
MeBfuhler (1 2) jeweils ein Schaltelement (16) in ei- 
ner aktiven Matrix von Schaltelementen enthalt und 

so aktiv adressiert werden kann, indem die Schaltele- 
mente (1 6) durch die Adressiermittel (40, 41 ) so be- 
tatigt werden, daB eine Detektorschaltung (41) der 
Adressiermittel (40, 41) den Zustand der bistabilen 
Schaltungen (14) erfassen kann. 

55 

3. System einer BeruhrungsmeBfuhlergruppe nach 
Anspruch 2, dadurch gekennzeichnet , daB die 
Adressiermittel (40, 41) die MeBfuhler (12) in Ab- 
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standen aktiv adressieren, die mit der regelmaBi- 
gen Ruckstellung der bistabilen Schaltungen (14) 
in Beziehung stehen. 

4. System einer BeruhrungsmeBfuhlergruppe nach 
Anspruch 2 oder Anspruch 3, dadurch gekenn- 
zeichnet , daB die Schaltelemente (16) Dunn- 
schicht-Transistoren enthalten. 



11. System einer BeruhrungsmeBfuhlergruppe nach 
Anspruch 10, dadurch gekennzeichnet , daB die 
bistabiie Schaitung (14) auBerdem einen Schalt- 
transistor (19) enthalt, der uber die Eingange der 
5 beiden Inverter (17, 18) angeschlossen ist und 
durch die Adressierschaltung (40, 41) so aktiviert 
wird, daB er die bistabiie Schaitung (1 4) in ihren me- 
tastabilen Zustand bringt. 



5. System einer BeruhrungsmeBfuhlergruppe nach ei- 
nem der Anspruche 2 bis 4, dadurch gekennzeich- 
net , daB eine Reihe mit MeBfuhlern (12) nach der 
anderen durch die Adressiermittel (40, 41) ruckge- 
stellt wird. 

6. System einer BeruhrungsmeBfuhlergruppe nach 
Anspruch 5, dadurch gekennzeichnet , daB die 
Schaltelemente (16) einer Reihe mit MeBfuhlern 
(12) nach der anderen von den Adressiermitteln 
(40, 41 ) aktiviert werden. 

7. System einer BeruhrungsmeBfuhlergruppe nach 
Anspruch 6, dadurch gekennzeichnet , daB die 
MeBfuhler (1 2) ruckgestellt und die Schaltelemente 
(16) aktiviert werden durch Auswahlsignale (20), 
die uber die Reihenadressenleitungen (20) zuge- 
fuhrt werden, und daB die Detektorschaltung (41) 
mit den Schaltelementen uber Spaltendetektorlei- 
tungen (34) verbunden ist. 

8. System einer BeruhrungsmeBfuhlergruppe nach ei- 
nem der Anspruche 1 bis 7, dadurch gekennzeich- 
net , daB die bistabiie Schaitung (14) jedes MeBfuh- 
lers (12) auf eine von positionsbestimmenden Mit- 
teln in der Nahe des MeBfuhlers (12) erzeugte ka- 

. pazitive Wirkung reagiert. 

9. System einer BeruhrungsmeBfuhlergruppe nach 
Anspruch 8, dadurch gekennzeichnet , daB jeder 
MeBfuhler eine Fuhlerelektrode (1 5) enthalt, die zu- 
sammen mit den positionsbestimmenden Mitteln ei- 
ne gewisse Kapazitat erzeugt. 

10. System einer BeruhrungsmeBfuhlergruppe nach 
Anspruch 9, dadurch gekennzeichnet , daB die 
bistabiie Schaitung (14) jedes MeBfuhlers (12) zwei 
kreuzgekoppelte Inverter (17, 18) enthalt, daB die 
Fuhlerelektrode (15) mit einem entsprechenden (B) 
der bistabilen Knotenpunkte (A, B) verbunden ist 
und daB eine Referenzkapazitat (21) mit dem an- 
deren bistabilen Knotenpunkt (A) verbunden ist, 
wobei die bistabiie Schaitung (14) regelmaBig von 
den Adressiermitteln (40, 41) in einen metastabilen 
Zustand ruckgestellt wird, wonach die bistabiie 
Schaitung in einen ersten oder zweiten Zustand 
geht in Abhangigkeit von den relativen Werten der 
Fuhlerelektrode (15) und der Referenzkapazitat 
(21). 



10 12. System einer BeruhrungsmeBfuhlergruppe nach ei- 
nem der Anspruche 9 bis 11 , dadurch gekennzeich- 
net , daB die Fuhlerelektrode (15) jedes MeBfuhlers 
(12) mit Isoliermaterial beschichtet ist. 

15 13. System einer BeruhrungsmeBfuhlergruppe nach 
Anspruch 1 2, dadurch gekennzeichnet , daB die Iso- 
lierschichten jeweils Anteile einer gemeinsamen 
durchgehenden Materialschicht enthalten, die sich 
uber die Matrix der MeBfuhler (12) erstreckt. 

20 

1 4. System einer BeruhrungsmeBfuhlergruppe nach ei- 
nem der Anspruche 10 bis 13, dadurch gekenn- 
zeichnet , daB die bistabilen Schaltungen Dunn- 
schicht-Transistoren enthalten. 

25 

15. System einer BeruhrungsmeBfuhlergruppe nach ei- 
nem der Anspruche 1 bis 14, das ein Anzeigegerat 
enthalt, dessen Anzeigeausgangsflache so zusam- 
men mit der Matrix angeordnet ist, daB sich die 

30 MeBfuhler auf dem Anzeigeausgang befinden. 



Revendications 

35 1. Systeme a r^seau depalpeursaeffleurementcom- 
prenant un r^seau determents de detection (12) 
agences en rangees et en colonnes et pourvu de 
moyens d'adressage (40, 41) sur la base de con- 
ducteurs de rangSes (20) et de colonnes (34) pour 

40 adresser s6lectivement un 6l6ment particulier des- 
dits §l6ments de detection a une intersection d'un 
conducteur de rangSe selectionnS et d'un conduc- 
teurde colonne sSlectionnS, caracterise en ce que 
chaque 6l6ment de detection (1 2) comprend un cir- 

45 cuit bistable (14) a I'emplacement de I'element de 
detection dans le r6seau, ledit circuit bistable (14) 
6tant sensible a la presence ou a Tabsence d'une 
entree d'effleurement a Templacement de I'element 
de detection (12) de mani&re a adopter un premier 

so ou un deuxteme 6tat stable, respectivement, qui 
reste adressable en permanence et qui, lors d'un 
adressage par les moyens d'adressage (40, 41), 
d6livre une sortie en fonction de son 6tat reel, ledit 
systeme comportant des moyens de remise a zero 

55 (19, 20, 40) pour remettre a zero p6riodiquement 
les circuits bistables (1 4) des elements de detection 
(12). 
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2. Systeme a reseau de palpeurs a effleurement selon 
la revendication 1 , caracterise en ce que les ele- 
ments de detection (12) comprennent chacun un 
dispositif de commutation respectif (16) dans une 
matrice active de dispositits de commutation et sont 
activement adressables par I'actionnement des dis- 
positifs de commutation (16) par les moyens 
d'adressage (40, 41 ) pour permettre a un circuit de 
detection des moyens d'adressage (40, 41) de de- 
tecter I'etat des circuits bistables (14). 

3. Systeme a reseau de palpeurs a effleurement selon 
la revendication 2, caracterise en ce que les 
moyens d'adressage (40, 41 ) adressent de maniere 
active les elements de detection (12) a des interval- 
les rapportes a la remise a zero p6riodique des cir- 
cuits bistables (14). 

4. Systeme a reseau de palpeurs a effleurement selon 
la revendication 2 ou 3, caracterise en ce que les 
dispositits de commutation (16) comprennent des 
transistors a couches minces. 



1 0. Systeme a reseau de palpeurs a effleurement selon 
la revendication 9, caracterise en ce que le circuit 
bistable (14) de chaque Element de detection (12) 
comprend deux inverseurs a couplage croise (17, 

5 1 8), en ce que I'electrode de detection (15) est con- 
nectee a un noeud respectif (B) des noeuds bista- 
bles (A, B), et en ce qu'une capacite de reference 
(21) est connectee a I'autre noeud bistable (A), le 
circuit bistable (14) etant ramene periodiquement 

10 par les moyens d'adressage (40, 41 ) a un etat me- 
tastable apres quoi le circuit bistable adopte son 
premier ou son deuxieme etat en fonction des va- 
leurs relatives de la capacite de I'electrode de de- 
tection (15) et de la capacite de reference (21). 

75 

1 1 . Systeme a reseau de palpeurs a effleurement selon 
la revendication 10, caracterise en ce que le circuit 
bistable (14) comprend par ailleurs un transistor de 
commutation (19) connecte aux bornes des entrees 

20 des deux inverseurs (17, 18), qui peut etre active 
par le circuit d'adressage (40, 41) pour amener le 
circuit bistable (14) a son etat metastable. 



5. Systeme a reseau de palpeurs a effleurement selon 
Tune quelconque des revendications 2 a 4, carac- 
terise en ce que les elements de detection (1 2) sont 
remis a zero par les moyens d'adressage (40, 41 ) 
a raison d'une rangee a la fois en sequence. 

6. Systeme a reseau de palpeurs a effleurement selon 
la revendication 5, caracterise en ce que les dispo- 
sitits de commutation (16) des elements de detec- 
tion (12) sont actives par les moyens d'adressage 
(40, 41 ) a raison d'une rangee a la fois en sequence. 

7. Systeme a reseau de palpeurs a effleurement selon 
la revendication 6, caracterise en ce que les Ele- 
ments de detection (12) sont remis a zero et les dis- 
positits de commutation (16) sont actives par des 
signaux de selection (20) d6livres via les conduc- 
teurs d'adressage de rangees (20) et en ce que le 
circuit de detection (41 ) est connecte aux dispositits 
de commutation via des conducteurs de detection 
de colonnes (34). 

8. Systeme a reseau de palpeurs a effleurement selon 
Tune quelconque des revendications 1 a 7, carac- 
terise en ce que le circuit bistable (14) de chaque 
element de detection (1 2) est sensible a un eff et ca- 
pacitif produit par un moyen de designation de po- 
sition a proximite de {'element de detection (12). 



12. Systeme a reseau de palpeurs a effleurement selon 
25 rune quelconque des revendications 9 a 1 1 , carac- 
terise en ce qu'une couche de matiere isolante est 
appliquee sur I'electrode de detection (15) de cha- 
que element de detection (12). 

30 13. Systeme a reseau de palpeurs a effleurement selon 
la revendication 12, caracterise en ce que les cou- 
ches de matiere isolante comprennent des parties 
respectives d'une couche commune et continue de 
matiere s'etendant sur le reseau d'elements de de- 

35 tection(12). 

1 4. Systeme a reseau de palpeurs a effleurement selon 
I'une quelconque des revendications 10 a 13, ca- 
racterise en ce que les circuits bistables compren- 

40 nent des transistors a couches minces. 

1 5. Systeme a reseau de palpeurs a effleurement selon 
I'une quelconque des revendications 1 a 1 4 et com- 
prenant un dispositif d'aff ichage dont la zone de sor- 

45 tie d'affichage est mise en place conjointement 
avec le reseau de telle maniere que les elements 
de detection soient places sur la sortie d'affichage. 



50 



9. Systeme a reseau de palpeurs a effleurement selon 
la revendication 8, caracterise en ce que chaque 
element de detection comprend une electrode de 55 
detection (15) qui, conjointement avec le moyen de 
designation de position, fournit une certaine capa- 
cite. 
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